Abstract: Co-authorship is an important indicator of scientific collaboration. Co-authorship networks are composed of sub-communities, and researchers can gain visibility by connecting these insulated subgroups. This article presents a comprehensive co-authorship network analysis of Swiss political science. Three levels are addressed: disciplinary cohesion and structure at large, communities, and the integrative capacity of individual researchers. The results suggest that collaboration exists across geographical and language borders even though different regions focus on complementary publication strategies. The subfield of public policy and administration has the highest integrative capacity. Co-authorship is a function of several factors, most importantly being in the same subfield.
Introduction
Publications are the "currency" of academic work. They are the single most important factor on the basis of which a researcher's academic performance is evaluated (Bernauer and Gilardi 2010; Plümper and Schimmelfennig 2007) . While single-authored publications are often considered a clearer signal of the quality of a researcher, co-authorship publication strategies are on the rise in political science and elsewhere (Metz and Jäckle 2013) . This might have several reasons. First, scholars are under constant pressure to produce publications and therefore tend to share the workload through co-authorship relations (Newman 2004) . Second, political science today is characterized by increasing specialization: scholars tend to focus their expertise on one specific theoretical or methodological element. This enables them to trade their skills with other scholars who have different fields of specialization or complementary knowledge or data. And third, coauthored publications are also a signal to the rest of the discipline that a scholar is well-embedded in the scientific community, such that networking per se becomes an additional qualification criterion for scientific performance (Grossman 2002) .
While bibliographic data is now easily accessible, the abundance of information still makes it difficult for individual researchers to perceive overall structural patterns of the network they are embedded in or to anticipate research-related insights in the wider co-authorship network neighborhood. Also, for understanding the structure of scientific collaboration in political science more generally, such insights are relevant with regard to scientific communication and interaction (Mutschke 2004: 142) , the comparison between communities (Newman 2004; Armingeon 1997) , or the specificities and distinctiveness of one specific community (Metz and Jäckle 2013; Arzheimer and Schoen 2009) .
In this article, we therefore seek to map and analyze all co-authorship activities of researchers in Swiss political science. There may be many criteria for assessing the performance of an individual researcher, and for the median researcher, there may indeed be more important ones than relational positions. However, we argue that some individuals are able to maintain a high visibility by connecting different parts of the overall co-authorship network. In the analysis presented below, we are able to identify those researchers that are structurally important for the cohesion of the discipline in Switzerland. Considering all researchers officially affiliated with a political science or public administration institute of a Swiss university in 2013, we address the following questions:
Who are the out-performers in establishing and maintaining co-authorship relations in Swiss political science? And who is structurally most central in co-authorship activities?
While these questions target the individual members of the political science community, it is also important to look at the aggregate disciplinary level. Researchers engage in scientific communication and collaborative relations that traverse disciplinary boundaries and geographical borders. Coauthorship is thus one way to impact the cohesion and identity of the scientific community (Mutschke 2004 ). Yet, it is not clear what communities or subfields actually exist, how they are structured, and how they are interrelated. Switzerland as a multilingual nation is potentially a special case because it may be possible that language barriers cause insulation and prevent co-authorship across geographic regions. Moreover, as a relatively small country with a high immigration rate among academics, one may hypothesize that outside co-authorship relations with foreign colleagues are an important component of researchers' embeddedness in the scientific community. Additional questions at the community level thus read as follows:
Is co-authorship driven by joint university affiliations, geographical location or shared language? And do Swiss researchers have the tendency to co-author publications within or across scientific subfields? Do they co-author with other researchers located in or outside of Switzerland?
To answer these questions and to map co-authorship activities within the Swiss political science community, we apply tools from social network analysis. In strong contrast to the few co-authorship network analyses in political science that have been conducted previously (Metz and Jäckle 2013; Arzheimer and Schoen 2009; Fisher et al. 1998) , we not only base our research on one or several selected journals, but take the whole publication history and activity (including articles, chapters and books) of the identified researchers into account. This is a strong added value compared to previous analyses because these studies are limited either to publications in a specific language (e.g., German), peer-reviewed journal articles, specific outlets, or a combination thereof, which strongly limits the ability to draw more general conclusions about the state of the discipline in Switzerland. This is an especially important point because political science is a discipline in transition from a nationally oriented, book-publication-based, network to an internationally competitive market with a stronger focus on journal articles. Unlike in the natural sciences, where lab-type collaborations and publications in journals have been the norm for decades, it is particularly important to avoid selection bias that would arise by only focusing on one of the two ideal types of research collaboration in Swiss political science. By doing a complete census of all work that current political scientists have ever published and reported on their homepages or curriculum vitae (as of the end of 2013), we are able to achieve a comprehensive description of the complete network and derive individual-level, as well as community-level, indices about the state of the discipline in Switzerland.
We have collected a total of 5,751 publications from 353 researchers at 12 university departments or research institutes across the country. This massive data collection effort results in a co-authorship network where a tie between two researchers can display several characteristics such as the number or type of co-authored publications. Through "attribute data" of researchers, we can evaluate if authors tend to work together because they belong to the same university, are in the same subfield in political science, or are located in the same geographical area.
For several reasons, the Swiss political science community is an interesting case study for analyzing scientific collaboration among political scientists. First, and from a very practical point of view considering data gathering, Switzerland is a small country, and the identification of all political scientists affiliated to a Swiss University can be called "a feasible" if still time-and resourceconsuming task. Second, just like in other countries, political science is a relatively new discipline.
First chairs related to political science and state affairs were installed in the middle of the last century and are typically still affiliated with institutes or chairs of history, law or sociology (Gottraux et al. 2004 ). With the exception of Geneva, political science was introduced as a major study area only around the 1990s (Linder 1996) . However, having existed for several decades now, the challenge is no longer to create a community, but to consolidate and to strengthen the nation-wide critical mass and foster international recognition. Like other disciplines, political science is concerned with its own evolution (for an overview of German-speaking countries, see Armingeon 1997; for Switzerland, see Bernauer and Gilardi 2010, Linder 1996 ; for Germany, see Arendes 2004; for a European overview focusing on Portugal, see Cancela et al. 2014) . One strategy to solidify collaboration and to enhance visibility is through national and international networking, not least through co-authorship activities.
As Arzheimer and Schoen (2009: 2) put it, co-authorship is one reflection of science conceived as a collective enterprise where ideas and insights are impartially exchanged.
The remainder of this article is structured as follows. After an introduction to, and literature review of, co-authorship network analyses, we outline details about the systematic data gathering procedure, data quality and methods. We then show the results of our threefold analysis. First, we highlight general patterns of Swiss co-authorship activities focusing on geographical, sub-discipline and university-specific elements. Second, we investigate co-authorship profiles of individual researchers and assess centrality and positions in the network. And third, we broaden the scope by including international and interdisciplinary co-authorship activities. The article concludes by discussing the general relevance of assessing publication collaborations in academia and an evaluation of the methodological appropriateness of social network analysis. We also draw conclusions about the state of the discipline and where it might move in the future.
Network analysis of co-authorship activities
Co-authorship can be considered as relevant from different perspectives. It is an indicator of personal contacts, trust and appraisal among researchers and it presumes a strong intellectual exchange and debate (Arzheimer and Schoen 2009: 4) . It is thus one among many indicators for scientific collaboration and interaction (Metz and Jäckle 2013; Mutschke 2004; Zuccala 2005) . But coauthorship as a measure of scientific collaboration also has its shortcomings: even when considering the order of names on a publication as one indicator of who contributed what (generally assuming that commitment and contribution decreases from the first to the last author or that contribution can be considered as equal when names are following alphabetical order) or as an indicator of who holds which academic position (e.g., in multi-authored pieces the main supervisor or principal investigator being listed last), one can never precisely tell the specific intellectual property that belongs to each author or the motivation for co-authorship. The nature of collaboration and the personal scientific performance of researchers become somewhat blurred through this lens. There is also a difference in the value and practice of co-authored publications. While co-authorships are very prominent in natural sciences, and large author teams co-produce publications, this is less often the case in the social sciences in general, and political science in particular (see Metz and Jäckle 2013; Arzheimer and Schoen 2009; Leahey and Reikowsky 2008; Moody 2004; Newman 2001) . In Germanspeaking political science, for instance, most co-authorship teams consist of two researchers (17.6% of total publications) and even fewer (4.6%) of three (Metz and Jäckle 2013: 267) . More than 50% of authors still publish on their own and have never engaged in joint publication work (Ibid: 270).
Single-authored articles and monographs still seem of distinct merit.
Nevertheless, co-authorships might also be of particular value to researchers and the scientific community. Newman (2004: 5201) shows in his co-authorship analysis that mathematicians publish considerably less than scholars from biomedicine or physics and that they have much fewer coauthors per paper. He concludes that sharing publications thus also means reducing single workload and enhancing productivity. This argument can be further developed as an internal peer-review process is established through co-authorship: elaborating a joint publication also means that, ideally, co-authors review and comment on each other's contribution. As a consequence, time and resources can be saved and additional review rounds (such as conference participations or working paper elaboration) can be reduced. This internal peer review procedure might further incentivize coauthors to keep to joint deadlines and work more efficiently (but note that multiple co-authors can also lead to collective action problems and gridlock). Most importantly (see Metz and Jäckle 2013: 256) , research questions, ideas, theories and methods might benefit from mutual reflections by, and joint exchange between, co-authors. Results of co-published work might thus gain in robustness and clarity.
To assess co-authorship activities, several authors apply concepts and methods borrowed from social network analysis (see for example Güdler 2003; White 2003; Grossman 2002; Barabasi et al. 2002; Newman 2001) . From a network perspective, co-authoring can be conceived and assessed as a relation or tie among two or more actors (Newman 2004 ). There are two distinct approaches to the analysis of co-authorship data: one can either create an affiliation network (also known as a twomode network or bipartite graph) by modeling ties between authors and publications. Such a network is useful when one wishes to equally emphasize characteristics or attributes of the authors and of the publications. Or, one can create an adjacency network, or one-mode network, of authors, where a tie between two authors indicates co-authorship. While an affiliation network is binary, an adjacency network can be weighted because a tie between two researchers indicates the number of joint publications. It is the tie and the strength of ties across authors that indicate the quality and intensity of interaction. Researchers who closely collaborate tend to share multiple publications and have large dyadic weights. For the analysis presented here, the loss of information incurred by constructing an adjacency graph rather than an affiliation network is outweighed by the benefits of a more intuitive conceptualization of a tie weight as intensity of collaboration.
One of the most prominent co-authorship network analyses was conducted by Newman (2001; . He highlights differences in co-authorship structures and habits between mathematics, physics, and biomedicine based on three bibliographic databases. He concludes that the latter have significantly more co-authors than the two former disciplines and relates this to labor intensity in biological research (Newman 2004: 5204) . In a similar comparative way, Arzheimer and Schoen (2009: 21) , who analyze co-authorship networks in political science, show that the discipline, at least in Germany and Austria, works in very different ways: co-authorships are less ubiquitous than in the natural sciences, and if they happen, do so in a looser way, where rather isolated sub-communities publish jointly together (for German-speaking political science, see also Metz and Jäckle 2013) .
Besides comparative studies, network analysis is also useful for the identification of scientific communities and the positions of individuals within and between these communities. This can be done by using centrality measures like betweenness and eigenvector centrality (Freeman 1979) , which assess the strategic position of nodes within the network based on their own connectedness and the structural properties of their neighborhoods. Such an analysis is useful for identifying researchers who are able to link different sub-disciplines and hold the community together (see also Metz and Jäckle 2013: 289; Newman 2004: 5204) . Co-author network studies have shown that central actors decisively shape a scientific community and move topics to the mainstream of a discipline (Mutschke and Renner 1995) . For several reasons, these central actors in co-authorship networks become the target of activities and attention: first, they are attractive publication partners for other researchers as their co-authorship activities gain visibility through their centrality (Barabasi et al. 2002) . Second, Mutschke (2004) suggest integrating such centrality measures in web search tools in order to synthesize the heavy load of online bibliographic information and thus identify central actors more easily, as they have the largest impact on the contents that other researchers produce. Third, central actors are typically all-rounders rather than specialized experts if viewed from a structural perspective, as they engage in multiple ties towards others and display a wider network horizon.
There are competing normative interpretations of the structure of communities and the distribution of centrality in a national scientific field. It may be individually rational to become a "star" (Moody 2004 ) in a national setting in order to attract collaborators, reputation, and funding. The individual incentives, however, may be in stark contrast with a collective normative interpretation: if different communities are linked by scientific "connectors" or "mediators", this may, on the one hand, lead to spillover effects and a more efficient distribution of innovations across the whole field or, on the other hand, it may lead to a situation of academic "echo chambers" (Goldie et al. 2014) where the whole national system becomes self-referential, resulting in scientific stalemate because innovations are no longer produced in independent parts of the network.
Whether one interpretation or the other is warranted depends, in part, on the international embeddedness of the national scientific field. If there are plenty of outside contacts, a high degree of domestic network integration is collectively less harmful than in insulated national scientific fields.
Therefore we analyze both the connections between researchers in Switzerland and between these researchers and the outside world. At the individual level, one can expect to find researchers who gain reputation from national embeddedness and internationally oriented scholars who have strong publication records but are not centrally located in the Swiss collaboration network. The analysis presented here is therefore not an ideological judgment over "better" or "worse" positions in the Swiss network, but seeks to describe what the national discipline of political science looks like in Switzerland and who is successful at tying together different communities.
In this article, we therefore seek to highlight the characteristics of communities and subfields and, as a secondary goal, we take the network positions of individuals into account. The network approach in general, and social network analysis in particular, further helps us to visualize the overall structure of Swiss political science co-authorship activities, and to answer relevant community-specific questions, as outlined in the introduction.
Data and methods

Data gathering and selection of authors and publications
Data gathering took place between July and December 2013. A single coder pursued a three-step coding procedure: he first created a list of all relevant university departments and research institutes that host political scientists in Switzerland, then he browsed the websites of these institutes and entered all researchers along with several details about them into a database, including their seniority status (predoctoral, postdoctoral, or professor) and the URL of their publication list (either the CV, the institutional website, a private homepage, or several of those items in order to get a complete publication profile of each person). After entering all researchers of an institute, the coder went through the researchers' publication lists and entered the following pieces of information for each publication into the database: the reporting author, the names of all co-authors, the title of the publication, the year, the name of the journal or book in which the publication appeared (if applicable), the names of all editors (if applicable), and a classification of the type of publication (academic journal, book chapter, monograph, edited volume, other). Most publications are relatively recent, but the earliest publications in the database date back to the 1960s. After completing these three steps, data entered at the beginning was double-checked in order to avoid bias due to new publications that may have shown up during the coding time period. This procedure is the best one can do in terms of completeness, but it should be clear that it crucially depends on the accuracy of the self-reported bibliographic information. For example, if a researcher did not update his or her CV or list of publications for the previous six months, those most recent publications only had a chance to enter the database if the co-authors listed the publication on their website. In some relatively rare cases, all authors failed to report recent updates, and this may cause minor inaccuracies in the network dataset, mostly affecting very recent publications in 2013 because there is, on average, a reporting lag.
The coding procedure results in a set of 353 researchers from 12 institutes and 5,751 publications (1,945 journal articles, 1,718 book chapters, 349 monographs, 206 edited volumes, and 1,533 "other", non-peer-reviewed publications, e.g., newspaper articles or working papers). Twelve researchers have multiple affiliations; in these cases, all affiliations were initially entered, but the publications were only entered once for these persons. Where the affiliation is relevant for the analysis, only the main affiliation of a person is retained. Five researchers do not have a publication list online. However, this does not cause any validity problems because their relevant publications are contained in other researchers' publication lists.
The data were entered into a MySQL database, which is a relational database that links variables in one table (e.g., the author variable in the "publications" table) with variables in another table (e.g., with the name of the researcher in the "researchers" table) to achieve a higher consistency and less redundancy. A custom PHP frontend for the MySQL database was used to enter the data. PHP is a web programming language that allows for querying and updating MySQL databases using forms implemented in websites. The coder therefore merely had to use a web browser for data entry. After data collection was complete, Java code and R code (R Core Team 2015) was written to extract the data from the database, transform them to network matrices, and analyze the network data.
Intercoder reliability cannot be checked because there was only one coder. However, the task was sufficiently easy and did not involve any interpretation element, and therefore the results are highly unlikely to suffer from reliability problems.
Of the 353 researchers that were initially identified, 233 persons had at least one publication; the others are mostly doctoral students in the early stage of their career. For the analysis, we focus on these 233 individuals and ignore the remaining persons who did not have any publications. The quality of the self-reported publication lists can be considered high because researchers usually have an incentive to list their achievements online for career purposes. Arbitrary spot checks and comparison with other sources like Google Scholar (Falagas et al. 2008) confirmed that the selfreported data are nearly complete.
When entering a new publication, the coder checked whether the publication was already in the database because it may have been entered by already coding another researcher's publication profile. This procedure ruled out duplicate publication entries, which would lead to overestimated "edge weights", i.e., too many joint publications for the same pair of authors. While we cannot rule out that a few duplicates exist in the database, this is not an important issue for the analysis because it mainly focuses on the existence of ties rather than the exact number of shared publications between researchers; structure is much more important than quantity for the analysis of coauthorship networks. Indeed, the fact that publications are reported by multiple researchers leads to an increased validity of the network data because complementary sources are used. This eliminates the problem that very recent publications may not have been reported in all cases.
Data collection was generally inclusive, meaning that subfields with strong relations to other disciplines, like public administration, are counted. The data collection strategy results in the set of all publications ever produced by political and public policy researchers who are currently affiliated with a Swiss research institution. The caveat is that publications from persons who were previously affiliated with such an institute, but were no longer affiliated in the reporting year of 2013, are not part of the analysis. Therefore, any analysis of earlier years like the 1970s or 1990s would be necessarily incomplete because it would be based on a subset of all researchers: those who were still active in 2013. It is, however, possible to include current researchers' past publications as structural information in the current network. This inclusive data collection across subfields, publication types, sources, and time allows us to draw a much more comprehensive picture than previous coauthorship network analyses (Metz and Jäckle 2013; Arzheimer and Schoen 2009) .
With regard to the definition of departments and researchers, our dataset is similar to the one used by Bernauer and Gilardi (2010) . Similar to these two authors' citation analysis, we focus on university-based research and teaching (see Bernauer and Gilardi 2010: 280) . In contrast to them, our selection was more inclusive because we included all researchers affiliated with an institute or department in the second half of the year 2013. Bernauer and Gilardi (2010) did not include PhD students in their analysis. Despite our efforts to include PhD students, there is an age effect because PhD students engage considerably less in co-authorships than more senior researchers (see also Figure 6 ). Finally, while Bernauer and Gilardi (2010) focus on ISI and Google Scholar publications, we consider all publication types and focus on self-reported citation information from the researchers' institutional and private websites and online CVs. Finally, while they analyze citations, we examine co-authorship in order to provide a complementary view on publication activities in Swiss political science and the macroscopic patterns emerging from them.
Our analysis, from a data and methods point of view, comes closest to the co-authorship network analysis of Metz and Jäckle (2013) . But they only took 20 outlets in German-speaking political science into account. In contrast to their work (see also Arzheimer and Schoen 2009), the main innovation of our data collection effort is that we are focusing not only on journal articles, but rather on all publications, including book chapters, monographs, edited volumes, and other non-peer-reviewed publications. This provides a much more comprehensive picture than other co-authorship network analyses conducted so far. Where appropriate, we directly compare our results with those of Metz and Jäckle (2013) and Bernauer and Gilardi (2010) .
Political science is a discipline in transition from book publishing to peer review. Therefore, conventional data sources that focus on journal publications would introduce a strong selection bias.
Our approach, in contrast, allows us to learn something about all national members of the discipline.
In contrast to co-authorship network analyses conducted in fields like physics or mathematics (Newman 2004) , one can therefore expect a stronger clustering along the lines of publication strategies, not just contents.
Switzerland is an ideal case study for analyzing such comprehensive co-authorship networks because it is, on the one hand, small enough for a manual data collection to be feasible and, on the other hand, sufficiently internationally embedded to be an interesting research subject.
With respect to data analysis, two different one-mode networks are created: the first contains only Swiss political scientists (233 nodes; 8655 instances of co-authorship, leading to 893 edges; density = 3.8 percent).
1 The second network includes all co-authors listed in the publications, including scholars from other countries and disciplines (1835 nodes; 25,013 instances of co-authorship, leading to 10,717 edges; density = 0.4 percent). In the second network, the additional non-Swiss or nonpolitical science authors were treated as "passive" nodes, meaning that their respective publication profile was not additionally coded; they entered the network only through co-authoring activities with political scientists who were affiliated with a Swiss university or institute in 2013. This permits us to analyze the complete picture of outside relations around the Swiss network. In both networks, ties indicate the frequency of co-authorships, i.e., the number of joint publications among any pair of authors. 1 The edges, or co-authorship ties, in the network can be weighted because any two researchers can be tied by multiple publications. While "edges" refers to the number of ties in the network irrespective of the weight, "instances of co-authorship" counts each co-authorship as a separate tie. For example, if researchers A and B have three publications in common, this counts as three instances of co-authorship but as one edge or tie. "Density" refers to the number of edges that are present as a proportion of the maximum number of edges possible in the network. former employees. In other words, the five measurement points reflect intrapersonal, rather than intra-institutional developments and thus lend more credibility to the claim that researchers affiliated with the two universities in 2013 had strikingly dissimilar publication behavior, even at relatively stable rates over time. While these observations do not imply a normative statement about which publication strategy is preferable or makes more sense in a given research specialty or context, different universities do follow notably different publication strategies or cultures.
Summary statistics for authors, publications, and universities
We classified the 233 researchers into six subfields by interpreting the names of their chairs or research groups and by looking at publication titles in uncertain cases. This is only a rough measure of subfields, but it is useful for the visualization of the network and interpretation of subgroups.
There are 61 researchers in comparative politics (including political sociology with a comparative focus and European politics), 69 in international relations, 6 in methodology, 58 in public policy or administration, 8 in political theory, and 16 in Swiss politics. The remaining 15 researchers could not be reliably classified because they are not affiliated with a research group and have too few publications for a reliable classification. It is possible that some researchers have ambiguous or overlapping subfield affiliations. In these cases, we gave preference to the interpretation of the chair title over the content of the publications. Ambiguous subfield memberships do pose a minor problem for the interpretability of visualizations because some borderline cases can be interpreted as either comparative politics or public policy, for example. The alternative would be to derive a fuzzy classification of authors from publication titles, thereby introducing artifacts due to different languages as well as a high number of different color shades one could no longer interpret visually.
Therefore we prefer a discrete and potentially inexact measure over a continuous partitioning that would jeopardize intuitive interpretability due to manifold color combinations and that would risk faulty classifications due to incomparability of terms across languages.
2 Confidence intervals are a measure of uncertainty for point estimates. While they are mostly used in the context of random samples, rather than complete populations, uncertainty measures are also important for assessing causal uncertainty of parameters for finite populations (Abadie et al. 2014; Western and Jackman 2004) . In this interpretation, assignment of individuals to a university serves as a treatment, and observed values reflect only the population of realized, as opposed to potential, outcomes. Therefore confidence intervals can be interpreted as a measure of causal uncertainty given the number of researchers affiliated with each group. Were there only a handful of researchers at each institution, uncertainty over whether the researchers' selection into universities was responsible for the universities' aggregate publication behavior would be much more pronounced. In this case, the confidence intervals provide some guidance as to how trustworthy the lines are, given the number of researchers in each group. Indeed, there are significant differences between the two universities, given the group sizes.
Network methodology
The 233 (actors) x 5,751 (publications) affiliation matrix is first transformed into a 233 x 233 onemode projection by multiplying the affiliation matrix by its transpose. In the resulting co-authorship network, ties indicate the number of times two authors engage in joint publication activities. This one-mode network is visualized using the software packages visone (Baur et al. 2015) and statnet (Handcock et al. 2008) .
Two different centrality indices are employed to measure the structural importance of individual researchers in the network. Betweenness centrality (Freeman 1979) measures the extent to which a node is situated on the shortest path between other pairs of nodes. Substantively, this captures the extent to which a researcher connects different social circles or subfields in the scientific collaboration network. It therefore permits interpretation of the connective capacity and importance of researchers for the cohesion of the national discipline. Eigenvector centrality (Bonacich 1987) captures a different aspect of importance: a node is central if it has many central neighbors in the network. In practice, this is the number of adjacent nodes weighted by their respective numbers of adjacent nodes etc. In practice, the theoretical interpretation is that researchers receive a high eigenvector centrality score if they are in the inner circle of the network. The two centrality measures, betweenness and eigenvector centrality, therefore capture complementary and substantively interesting properties of individuals in terms of their structural position.
Note that the centrality indices, just like the other network methods, focus on relational performance rather than individual performance. Individual persons may, for example, have an excellent track record of single-authored publications, which are not considered in the relational analysis. Figure 2 shows the Swiss co-authorship network. Only "intense" collaboration ties are retained in this visualization, meaning that an edge is only displayed when two researchers have at least two joint publications. This enhances readability and facilitates a clearer interpretation of scientific communities in Swiss political science.
Results
Mapping of co-authorship
There is strong subgroup clustering both by subfield and location. The center of the network is dominated by researchers in public policy and administration. This is in contrast to the Portuguese case examined by Cancela et al. (2014) , where international relations and comparative politics are the most productive and interactive subfields. In Switzerland, public policy and administration additionally display a tendency for cross-institutional participation with researchers from Swiss occidental universities (Geneva and Lausanne) and Zurich and Bern. These results answer several questions outlined in the introduction. First, co-authorships occur within rather than across sub-disciplines of Swiss political science. Second, sub-disciplines are a stronger driver of co-authorship than university affiliation. Nevertheless, there is the tendency of a "language and geographical barrier" at least in some sub-disciplines, where researchers have the tendency to co-author publications with their peers within the German-or French-speaking part of the country, respectively. In some sub-disciplines, like comparative politics, co-authorships are even insulated completely in language regions and occur only within some selected universities, but very rarely across locations. Finally, the subfield of policy analysis and public administration seems to hold the whole network together, with frequent cross-institutional and cross-subfield ties.
While Figure 2 shows all publications in one diagram and ignores temporal evolution, Figure Figures 2 and 3 display only intense edges, and they conflate different publication types. Figure 4 distinguishes between journal articles and book publications (chapters, monographs, and edited volumes). Several observations can be made: First, Swiss political scientists engage in more coauthorship when publishing articles (second panel) than books or chapters (third panel); the article network is denser and its "giant component" has a smaller diameter. Second, the overall coauthorship pattern does not change considerably when distinguishing between publication types.
Policy analysis is still the most connected co-authorship sub-discipline in both sub-networks.
However, co-authorship is more mixed across subfields in the journal article network: the policy cluster is not as homogenous in the article network as in the book network.
Orange ties in Figure 4 indicate co-authorship within the same team or chair, and gray edges indicate co-authorship at the same institute or university (but not in the same group). In all three panels of Figure 4 , orange and gray ties are very prevalent. To answer the question who are the structurally most central political scientists in the co-authorship network, Table 2 shows the 25 researchers with the highest betweenness centrality scores.
Most active and central researchers within Switzerland
Betweenness centrality expresses how often an actor lies on the shortest path between two other actors. Betweenness centrality is an indicator of researchers' ability to connect otherwise disconnected authors (and thus sub-communities) through joint publications. For the cohesiveness of the discipline (whether for good or bad), such "connectors" or "mediators" seem crucial, as they are able to control scientific information flows and transport and disseminate ideas through personal contact (Newman 2004: 5204) , shape content-wise conceptualization of a field (Mutschke 2004: 153) , and are particularly visible (Metz and Jäckle 2013: 289) .
Sciarini is the researcher with the highest betweenness centrality. Being attributed to the field of Swiss politics, a rather small sub-discipline in the overall network, this scholar manages to link researchers from various other fields and universities in Swiss political science. He is followed by
Kübler and Varone, both active in public policy and integrating this field through frequent publication activities. But they additionally link researchers from other subfields through co-authorship activities and publish with co-authors from different geographical and language areas. Table 3 shows the top 25 researchers with regard to eigenvector centrality, a measure of the tendency to be part of the "influence core" of the network by being surrounded by other important nodes. There are some similarities to the data displayed in the betweenness table (Table 2 ), but also notable differences. As public policy and administration make up the core of the network, many researchers from this subgroup also have large eigenvector centrality scores. The centralities presented here come very close to the index Metz and Jäckle (2013: 287) calculated, and the results are comparable. Therefore, it might not be a surprise that the four most central Swiss scholars in their study (Freitag, Vatter, Bühlmann, Sciarini) also rank among the most central authors in our study. The remaining differences in results can be explained by two factors: first, Metz and Jäckle (2013) only relied upon 20 German-language journals rather than the full range of publications, thus the picture provided here is more complete and also covers English publications and book publications. Second, due to their omitted English and book publications, their network is sparser than the complete network and consists of several disconnected components. Metz and Jäckle (2013) compute the centrality scores separately for the three largest components. We prefer computing centrality over the whole co-authorship network; this is possible because we find one "giant component" (see Figures 2-5 Table 3 contains considerably more junior scientists than Table 2 . This follows from the definition of eigenvector centrality: if a node is connected to another node that occupies a central position in a network's influence core, this increases the node's own centrality ranking. Comparable results were also observed in Metz and Jäckle's (2013) analysis where young scholars entered their top-20 ranking only by being connected to senior and well embedded co-authors. This kind of "pedigree" may or may not transform into actual influence in their further career trajectory.
Another notable aspect is that some well-known political researchers at Swiss universities are absent from the lists or play a minor structural role despite their successful publication records and international visibility (e.g., through international awards or prestigious grant acquisitions). These researchers gain reputation mainly from international collaborations and their position in the international political science network as well as single-authored publications, rather than structural positions in the Swiss co-authorship network. 
International and interdisciplinary co-authorship
In the analyses presented so far, only political scientists affiliated with Swiss universities in 2013 and engaging in co-authorship activities with other political scientists from Swiss universities have been considered. However, ignoring co-authorship with researchers who are not affiliated with a Swiss institute as a political scientist would draw an incomplete picture of the national discipline (Cancela et al. 2014) . This is why we include, in a second step, co-authorship ties that relate a Swiss political scientist to colleagues from other disciplines or international peers. It would be beyond the scope of this article to identify and classify all these foreign, interdisciplinary, or formerly Swiss researchers and their publication patterns. These include retired professors, Swiss political scientists who moved to other countries, researchers from other disciplines, and international collaborators. However, by treating nodes that do not qualify as political scientists at Swiss universities in the year 2013 as "passive nodes" and including them in the visualization and centrality analysis, we can draw a more complete picture with regard to the national political researchers. An interesting question is whether political scientists in Switzerland tend to collaborate with each other or with other researchers. Figure 6 , which is derived from Figure 5 , shows that the minority of ties occurs between domestic political scientists, but this pattern varies by seniority status. Doctoral students publish mostly within their local environment (i.e., members of their team, chair or university), and only later more far-reaching contacts are established. Professors tend to have more than two thirds of their collaborators outside Switzerland or outside the discipline. 5 Overall performance of researchers, rather than structural position, may be measurable by retrieving citation metrics for all 5,751 publications by matching their titles and authorship information with the entries of online databases like Google Scholar (or possibly other databases that include non-peer-reviewed publications). However, this would imply a strong bias in favor of senior professors whose publications have had more time to be cited and would discount the performance of young researchers whose future citations cannot be taken into account. Finding an appropriate methodology for tackling this problem may be a topic for future research.
Here, the focus is on the structural position of researchers in the national field of Swiss political research. Finally, Table 4 because of his expatriate status. Another interesting case is Kriesi, who is one of the most prominent political scientists in Switzerland, but has recently moved to the European University Institute in Italy. He still has an important bridging function in the Swiss network, even though he enters the network as a "passive node" (i.e., through co-authorship with political scientists currently affiliated with a Swiss university). Table 4 : Betweenness centrality in the comprehensive network (including "passive" nodes). Top 25 researchers.
Discussion and conclusion
In this article, we have characterized scientific collaboration between political researchers in Switzerland. In contrast to other relational attempts at describing the discipline (both in Switzerland and elsewhere), an important advantage of our study is that we have considered nearly all publications ever produced by any researcher currently (in the second half of 2013) affiliated with a political science or public administration institute in Swiss universities. This includes book chapters and other publications that are hard to access in publication databases. This comprehensive approach to data collection makes a crucial difference because Swiss political science is composed of institutes and universities with very different publication strategies and cultures. Focusing only on one type of publication, like journal articles or one language like English, German or French would have missed out on an important part of the domestic discipline. This is at the same time one of our most interesting substantive findings: even though the discipline at large is somewhat connected across language and regional borders, there is nonetheless clear evidence for differential publication A related finding is that Swiss political science is held together by a group of researchers broadly engaged in public policy and administration research from various universities across the country.
Were these public policy and administration researchers not there, the Swiss co-authorship network would no longer have one single "giant component" and it would literally "fall apart." This integrative role of policy topics may seem surprising to some, but an explanation may be that public policy and administration are per se relatively broad fields with topics that are related to other subfields. By contrast, international relations and, especially, comparative politics have several insulated subcommunities in the Swiss co-authorship network. As discussed in the theoretical section, bridging these communities may be advantageous from an individual perspective but may potentially hamper scientific progress collectively.
Another important fact about co-authorship in Swiss political science seems to be that communities are driven by a combination of several factors: geographic (and language) proximity, shared institutional affiliations and-most importantly-joint research topics as operationalized by the classification of researchers into subfields.
The network approach we have adopted in this article has allowed us to overcome the complexity and information overload of bibliographic data (Mutschke 2004 ) and analyze Swiss political science at multiple levels. Besides conclusions about the structure and cohesion of the co-authorship network and its communities, we are able to enumerate precisely who is structurally important for the national discipline by a) connecting different branches of the network through joint publication activities and/or b) belonging to the "inner circle" of highly connected researchers. Interestingly, some of the most structurally important researchers, depending on the measure being employed, come from very different universities, like the University of Zurich (Kübler), University of Geneva (Sciarini, Varone), ETH Zurich (Bernauer) , and the University of Bern (Sager). This leads us to conclude that the Swiss political science community is relatively well integrated and consolidated (Arzheimer and Schoen 2009) when it comes to collaboration across regions and language borders, while some of the specific communities (see, for example, the blue nodes in Figure 2 ) still talk past each other, which may be due to different publication profiles existing across departments (see Figure 1 ).
Finally, one may have different views on whether Swiss political science is a typical or special case in terms of co-authorship, collaboration patterns and disciplinary cohesion. Whether one tends toward one or the other opinion depends on the group one chooses for comparison. On the one hand,
